The concept of a technolog y strateg y (TS) has been developing in the literature of Technology management since the 1970s. TS has been defined as a set of technology and related objectives, variant scenarios, technology roadmaps, targeting practices, and know-how aimed at an adequate specification of the desired long-term development of a technological system and related processes (R&D, supply, sales, control, service, etc.). This article has two main scientific goals. The first goal is to describe methodically the main specifics and forms of technology planning/TS through the comprehensive study of available professional literature. The second goal is to analyze the development of technology planning methods, based on the bibliometrical analysis of ScienceDirect database . Main goals, individual explanations, practical examples, statistics and graphical information should help explain how technology planning currently looks like, what are its main priorities and problems.
INTRODUCTION
"Any innovation activity is ultimately aimed only at ensuring that the company remains in the same place." (Gibbons and Connor, 2003) The dynamic development in all areas of business brings shorter life cycles of products, technologies, as well as organizational structures and enterprises. The critical factor of technological competitiveness is not a technology innovation process, but to find a new application for an existing technology (Rycroft, 2006) . This change requires new investment, information, knowledge and other capabilities, which often lead to the higher labour mobility or multisourcing, to the use of various forms of flexible organizational structures and risk capital for research and development (R&D), but also to the need to improve the cooperation with competitors, customers, suppliers, government institutions, etc. This in turn leads to the need for greater complexity of business plans, to the interactive connections with innovation and technology strategies, to specialization of enterprises and their parts so as to increase efficiency of internal (also technological) processes, but also to protect own know-how. Generally, small and medium enterprises (SMEs) are more competitive able as regards to the use of emerging technological inventions and know-how, while larger companies have more capacities for own R&D and planning, but also more cost advantages. SMEs do not usually have formulated an explicit technolog y strateg y (TS), while adapting their technological activities to the general market development (Lee and Lee, 2008) . Large manufacturing companies mainly formulate their TS, but often do not have enough flexibility to innovate own technologies as the market changes. If SMEs improve their technological know-how and innovation even internationally, becoming more able to participate in global value networks, and thus can cooperate with more suitable partners. Thus, a unilateral dependence on technological support of one enterprise changes into bilateral and multilateral cooperation with synergetic advantages, or with a new technology as a result of this collaboration . For example, one of the competitive tasks of the management in IBM is continuous integration of the technology strategy with the business strategy to increase efficiency and a potential for business growth. Better TS is also an opportunity for an organizational change and improvement. The IBM's TS is mainly focused on the following key questions:
How can the company get a maximum value from its technology? How is it possible to drive the business competitiveness and innovation through the technology? How technologies can support business processes? Etc. (IBM, 2010) In IBM, any technological infrastructure needs to support also business integration, security processes and know-how management. Then, technology investment and innovation can be also evaluated based on the following criteria: established business and technological integration. The quality of technological synergies does not only improve market competitiveness, but also allows obtaining faster and more precise information on the dynamics of the environment, socalled Real-time analytics (Andriole, 2006) .
INTRODUCTION TO THEORETICAL BACKGROUND OF TECH-NOLOGY STRATEGIES
Technolog y strateg y (TS) has been defined as a set of technolog y and related objectives, variant scenarios, technolog y roadmaps, targeting practices and know-how aimed at an adequate specification of the desired longterm development of a technological system and related processes (R&D, supply, sales, control, service, etc.) (Wonglimpiyarat, 2012) . TS has the main purpose to direct, develop and use appropriate technological facilities, processes and capabilities to meet strategic business objectives through the technology (Kyläheiko et al., 2011) . However, there shall be an interactive two-way relationship between a business strategy and TS. Simple TS − as a source of information for a business strategy, or − as a tool for the implementation of a business strategy is hardly applicable in the dynamic technological environment. The basis for each TS formulation should be a systematic SWOT analysis of a technology system and its determinants and effects (Friedman, 2005) . Before formulating TS, a company should establish an appropriate technology vision and mission (Friedman, 2005) , which must be in line with a vision and mission of the company. The formulation of TS consequently requires the identification of appropriate technological objectives and implementation plans/programs (a horizon, a budget, integration with an existing technology, staff training, organization changes, etc.). Technological objectives should be in line with strategic business objectives. In this context, it is necessary to update TS regularly in accordance with changes in the environment and in a business strategy, as well as with changes of technological processes. Flexible TS implies a set of regular follow-up decisions and planning activities related to the updating of technological processes (Gibbons and Connor, 2003) . It is necessary to examine and record the continuity of these decisions and related a) b) c) factors to prolong the life cycle of a technology and for greater competitiveness of technology processes. The new TS often requires a new form of motivation and training for technology managers and employees to more effective actions In the text below, we briefly describe selected forms of TSs for their better applicability. In the context of primary orientation of TS we can identify two extreme possibilities, i.e. Internally and Externally oriented TS:
Internally oriented technolog y strateg y (Technolog y push, Cost-and Resource-based TS) is focused on the effective use and continuous improvement of internal technological processes, techniques, know-how or capacities to meet strategic goals of a company. In this strategy, special attention is given to continuous monitoring of internal technological processes, costs, resources and capacities to achieve the highest possible efficiency of the technology system and to systematically seek ways to improve it. Many internal capacities have an intangible form (knowhow, information, culture, tacit knowledge, etc.), which are very difficult to quantify, and often require an expert discussion, or services of a specialized company. Therefore internally oriented TS is more suitable for SMEs with some very specific technological know-how (Cartier, Raymond Weil, etc.), or for research companies and centers, which developing new technologies and products (Fraunhofer Gesellschaft, Centre National De La Recherche Scientifique, etc.) But, Technology-push TS also requires a proper market assessment of performance criteria and market requirements and trends (Maine et al., 2005) .
a)
Externally oriented TS (Market-pull, Process-and Market-oriented TS) is focused on activities so as to take maximal advantage of market opportunities, to improve own technology system and to achieve strategic business objectives. An enterprise can take advantage of technology acquisitions or transfers, joint technological research, or funding joint research, access to clusters or strategic alliances, outsourcing, etc. In the last 10 years, there has significantly increased dependence of technology companies on external sources of technology innovation (McIvor, 2009) , and about 45% of technological innovation comes from external sources (Linder et al., 2003) . Many companies that sell their products to final customers use more market-pull TS (Caetano and Amaral, 2011) . But, these strategies are usually the extreme forms, because a company can not only externally develop its own technology, if not systematically assessing and improving its own technological processes and capacities. And, a company can not normally improve its technological processes only from internal resources. For example, the Cisco's ecosystem TS takes advantages of the next generation of own technologies, but also of purposeful external mergers and acquisitions to keep up competitive advantages and to support own R&D (Li, 2009) . Therefore, there are the most frequently used various combinations of internally and externally oriented technology strategies ( Figure 1 a) Cost-based TS is aimed at improving the competitiveness of a company through the monitoring and reduction of technologic and associated costs (less material and energy consumption, lower labor intensity of technological processes, etc.). Lower technology costs mean lower production costs, but also the reduction of some non-productive costs associated with the higher efficiency of administrative processes and reducing other overhead costs (lower depreciation costs, rents, annuities, etc.), which can be reflected in lower total costs of the company. The main problem of Cost-based TS is that it is often easily imitable, and therefore it is more difficult for a company to sustain such the competitive advantage in the long term. This TS is usually used by SMEs, although, larger enterprises can have higher economies of scale. For example, IBM was among the first SW vendors that used a tiered-pricing plan based on a type of Cost-based TS. This plan is based on the categorization of processors for its mainframe computers. Each category represents an attempt to decrease the cost by linking SW product costs to a perceived customer value. Costs to the customer are increased if SW is used on a more powerful system, increasing profits for IBM (Harmon et al., 2004 2008) . For example, the application of marketing know-how from one market segment to another is proved to be crucial in the use of free technological capacities, which is especially needed in the high-tech industry . c) Process-oriented TS allows a company to take advantage of open technological cooperation for more effective technology acquisitions, outsourcing, and transfers as well as of the internal intellectual property management. It is anticipated that just an open innovation strategy can spur more disruptive technology innovation (Yu and Hang, 2011) . This TS can be prepared by using different ICT applications, which help monitor, model, plan, manage and improve technological processes of a company. This TS is focused to gain and maintain the competitive advantage through the effective implementation of key technological processes, for example, through investment in better staff training and motivation. In addition, this TS should enable to improve non-production technological operations of the company as well (supply, marketing, administration, monitoring, etc.). As another advantage, there can be different "spin-off" benefits resulting from active outsourcing or transfers of the technology. This strategy is more suitable for technology-oriented businesses. For example, at Accenture, the underlying collaboration technologies are embedded in the applications that workers use to execute targeted business processes. As the     technology develops in cooperation, they also expect creating new knowledge about the business processes in which the technology is embedded, and incorporating the new knowledge of the process to provide more targeted, proactive collaboration assistance (Buller and Kass, 2012) . d) Market-oriented TS should be linked to market-oriented business and production strategies. The purpose of this TS is to identify, develop and implement better technologies (from internal and external sources), in order to offer customers a better quality and prices of products or services than competitors. This TS should also benefit from an open innovation strategy in areas where it is advantageous (e. g. joint R&D and testing of technologies, etc.). But, this TS should also enable a company to take advantage of internal specialization in areas with maximal protection of critical business know-how. Then, the change in TS must be evaluated on the basis of the final market success. If customer needs and preferences are stable, this TS can be well definable and applicable (Fein, 2001 ). The problem may arise when there is higher instability of customer preferences and the market environment. Then, this TS requires not only systematic market analyzes, but also to educate employees and customers (or customers' customers) on business and market needs and risks (current and potential). Market-oriented TS can be an important tool to operationalize a business strategy as well. Market-oriented TS has traditionally been understood as far for focusing on customer-oriented R&D of new products and necessary technologies in accordance with a business strategy (Aijo and Blomqvist, 2003) . However, in the dynamic environment; R&D, technology, production and organizational structures require individual solutions, interactively using all available resources and capacities, which must be individually adaptable and compatible. Therefore, this TS may require variant scenarios for individual components of the technology. Market-oriented international TS is usually used by global corporations. As an example of market-oriented technology cooperation, Ford and Microsoft cooperate to develop the SYNC in-car communications and entertainment system. With voice activation, SYNC lets drivers control their phone or iPod, listen to text messages, etc. (ARM, 2013) Meanwhile, Ford has been adapting its market-oriented TS to address evolving customer needs for more than 100 years and Microsoft for almost 40 years.
TS can have two main purposes: to meet goals of a business strategy and achieving goals of strategic business units' (SBUs) strategies. Regarding the link of a business strategy and a technology, differentiation TS (DIF TS) is preferable, which usually means a higher competitive advantage, value added and profit for the company. In terms of meeting goals of a SBU strategy, cost leadership TS (CL TS) is better so as to achieve possible quicker return on technology investment. Both options are extreme and therefore an enterprise must adapt TS to current business opportunities and market requirements. The typical example is now Apple and its iPhone. The company applies the TS, which should raise specific market dominance in a particular area. This differentiation is not in a pure form, since the core of this TS is market segmentation into two categories. The first category consists of current mobile services: voice, text, MP3, radio, TV, and others that also provide other companies. A second category is so-called a platform, which provides access to web browsing, e-mail (from Microsoft), sophisticated multimedia applications (including games) and other applications that may be installed on a normal PC. TS should also complement other business plans in order to optimize relations: a purpose and performance of technology − technology efficiency − strategic business goals. Then, the purpose, performance and efficiency of technology should be set so as to fulfill better partial busi-ness objectives in the long term. However, it is necessary to have TS in accordance with external requirements as well in order to implement such a technology that will be accepted by the public. If we want to illustrate how each TS prioritizes the various parameters of production, it is useful to classify each TS to one of these groups, both in terms of a product multi-criteria analysis, socalled Product strategic clock (Figure 2 ).
Fig. 2 -Application of "Product strategic clock" in formulation of TS. Source: own.
Then we can identify two other possible forms of TS, TS with predominance of cost leadership (CL/ DIF TS) and TS with predominance of differentiation (DIF/CL TS). CL/DIF TS can be used predominantly if lower demands on parameters of a product exist. For example, in the automotive industry, these are mostly brands like Suzuki, Opel, Fiat, etc. DIF/CL TS is used if higher demands on the parameters of a product are required. These are brands such as Honda, Volkswagen, Alfa Romeo, etc.
In terms of the width of technological activities we can identify local, regional, national or global technolog y strategies. Enterprises with international R&D capacities, or with open technology strategies, often also have more complex technological capacities and competencies (Medcof, 2000) . Global corporations often use global TS, but this is to a large extent timely and sectorally conditioned. For example, Oracle's PeopleSoft applications are designed for implementation in global corporations. PeopleTools is designed so that the applications can be used in different areas: users can share the same data while operating in different languages and applying different date, time, or numeric formatting conventions. (Oracle, 2013) . At first, enterprises typically use for technological innovation all benefits and capacities of a domestic environment and choose a local or regional TS. With the growth of market coverage, companies apply national and international TS.
Meanwhile, based on the specialization of a business strategy we recognize Specialized and Diversified TS. In terms of time aspects, we can identify Project, Program or Long-term TS. In terms of the scope of business activities we can recognize an Alliance, Business or Partial TS for a particular unit. According to the method of compilation, there may be one or more variants of TS. Based on the entrepreneurial focus we can identify Production and Service-oriented TS. Furthermore, there is TS on the use domestic capacities (Bid-oriented TS) and TS focused on the development of domestic capacities (Demand-oriented TS). Bid-oriented TS is focused to ensure adequate protection, marketing, transfer or outsourcing of technologies. Demand-oriented TS is focused on appropriate and effective R&D and innovation of technologies.
PROPOSED CATEGORIZATION OF KEY TECHNOLOGICAL PLANNING METHODS IN CONTEXT OF BIBLIOMETRICAL ANALYSIS
Most of the methods used in technology planning might be classified as either normative or exploratory; these two types must be meshed for complete TS. But, Technolog y planning (TP) also requires a more holistic approach that supports planning of unpredictable technology impacts as well and impacts indirectly related to the technology. One of the solutions to ensure proper assessment of entities of a technological system is to use so called Fuzz y logic (Multi criteria intuitive logic) (Ross, 2010 (Ludwig, 1998 Table 2 was compiled based on the Bibliometrical analysis, the stated numbers refer to the numbers of scientific articles published in refereed scientific journals and books registered in the Sciencedirect databasis. Based on the number of scientific articles we can identify to some extent, how these methods were applied.
Individual forms of TP require the use of a combination of individual analytical, assessment and planning methods, which depend on a type of technology, its complexity, a scope of TP, a time interval, availability of information, as well as individual requirements on TP (a budget, legislative rules, a method of technology acquisition, etc.).
DISCUSSION AND CONLUSIONS
If we look at the development of technology planning in terms of the particular Bibliometrical analysis, then we can notice that the most developed sub-discipline of technology planning is just Foresight ( Jemala and Svatý, 2010) , even from the time perspective. The concept of technolog y strateg y (TS) has always been tied to the development of other managerial processes and changes in the environment. TS increasingly influences areas like interactions created between a company and the environment, a positive change in a business structure, new enterprise culture, or a better access to the market ( Jemala, 2008) . For SMEs, some aggressive extensive TS could mean, in case of failure, significant effects on other business capacities and economic results.
For larger companies, in turn, a long-term strategy of a market follower could mean incomplete utilization of capacities and resources, and thus the lower technology competitiveness, as well as worse economic results. For a dynamic technological company in a less dynamic environment could dynamic TS mean the improvement of production parameters, but also the overpriced facilities, and less competitive results. Conversely, a long-term strategy of a technological follower in the high-tech technological environment may indeed lead to reduced costs of R&D, but such the company would never be a market leader, will have weaker goodwill, and then again worse economic results. In the context of primary orientation of TS we can identify two basic forms, i.e. Internally and Externally oriented TS. But, these strategies are usually the extreme types, because a company can not only externally develop its own technology, if not systematically assessing and improving its own technological processes and capacities. Regarding the main link of a business strategy and technology, Differentiation TS is preferable, which usually means a higher competitive advantage, value added and profit for the company. In terms of meeting goals of a SBU strategy, Cost leadership TS is better so as to achieve possible quicker return on technology investment. Based on the Bibliometrical analysis, we identified that the most applied methods in technology planning might be Modelling and Simulation, Scenarios writing, and Interviews. The more intensive use of Modelling and Simulation methods in technology planning is obviously related to the development of ICT, but also to the increasing requirements on the complexity of technology strategies. We can also notice that technology planning is currently strongly conditioned by external analyses; but it has a more internal formal nature, more numerical data are used, which are subsequently assessed by experts. These findings are of course determined by the individual characteristics of a technology, a company, an industry, a region, etc.
